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MATHEMATICS 
FORMULA BOOKLET - GYAAN SUTRA 


STRAIGHT LINE 


Distance Formula: 


а= (x, - x, 4(Уг-Ус) ` 
Section Formula : 


_ mx;inu |) my2+nyı 


mtn ' m+n 


Centroid, Incentre & Excentre: 


Centroid G | 


X1 +X2 +Хз Y1+Y2+Y3 
3 ' 3 


ax,+bxo+Cx3 ay;t+byo+cy3 
їпсеп{ге 1 a+b+c ^ a+btc 

— ах. +6Бх> +схз — ау +Бу>+суз 
Excentre L| Za+b+c ` —а+Ь+с 


Area of a Triangle: 


х y 1 
A ABC = 2 х2 Ус 1 

хз Уз 1 
Slope Formula: 


Line Joining two points (x, y,) & (x, у,), m = лы 
X4-X5 
Condition of collinearity of three points: 
X y, 1 
X2 Yo 1 =0 
хз Уз 1 


Angle between two straight lines : 


1 = 2 


tan 0 = 
14 m4m»s 
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10. 


11. 


12. 


Two Lines : 
ax + Бу + c = 0 and a’x + b'y + с’ = 0 two lines 


, 


а b 
1. parallel if — err 
a b с 


C4-C 
2. Distance between two parallel lines = а= 
агар” 


3 Perpendicular : If aa’ + bb’ = 0. 
A point and line: 


ax, + by, +c 


ya^ +b? 


1. Distance between point and line = 


2. Reflection of a point about a line: 


X-X4 У-У, 5 aX 4*by 4*6 
a b a? +b? 
3. Foot of the perpendicular from a point on the line is 
X—X4 У-У; ax,+by4+c 
a b a? +b? 


Bisectors of the angles between two lines: 


ax+by+c _, ах-Юу-с! 


Condition of Concurrency : 


a, b, 
of three straight lines ахь by + c, = 0, i = 1,2,3 isla, b, 
a, b, 


A Pair of straight lines through origin: 
ax? + 2hxy + by? = 0 


НО is the acute angle between the pair of straight lines, then tan Ө 


2/h?— ab 


a+b 
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CIRCLE 


1. Intercepts made by Circle x? + y? * 2gx + 2fy +c = 0 on the Axes: 


(a)24g?-c on x-axis (5)24/(2-с ony - aixs 


2. Parametric Equations of a Circle: 
x-h-*rcos0; у= К+гзѕіп Ө 


3. Tangent : 
(a) Slope form: y = тх + a 444m? 


(b) Point form : хх, + уу, = а? огТ = о 


(с) Parametric form: xcosatysina=a. 
4. Pair of Tangents from a Point: SS, = Т2. 
5. Length of a Tangent : Length of tangent is JS, 
6. Director Circle: x? + y? = 2a? for x? + y? = a? 
7. Chord of Contact: T=0 
2LR 


1. Length of chord of contact = === 
JRL? 


2. Area of the triangle formed by the pair of the tangents & its chord of 
RD? 
R?^«L? 


3. Tangent of the angle between the pair of tangents from (x,, y.) 


_ | 2RL 
“(12-82 

4. Equation of the circle circumscribing the triangle РТ, T, is : 
(x-x) (x + g) + (y-y)(y + f) = 0. 


contact = 


8. Condition of orthogonality of Two Circles: 29,9,+2f,f,=c,+c,,. 
9. Radical Axis : S, – S, = 0 ie.2(g,- g,)) x + 2(f, - f) y + (c,-c,) = 0. 
10. Family of Circles: S, +К$,=0, S + KL = 0. 
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PARABOLA 


Equation of standard parabola: 

y? = 4ax, Vertex is (0, 0), focus is (a, 0), Directrix is x + a = 0 and Axis is 
y = 0. Length of the latus rectum = 4a, ends of the latus rectum are L(a, 2a) 
& L' (a, - 2a). 


Parametric Representation: x - at? & y - 2at 


Tangents to the Parabola y? = 4ax: 


a 

1. Slope form y = mx * — (m z 0)2. Parametric form ty = x + at? 
m 

3. Point form yy, = 2a (x + x.) 

Normals to the parabola y? = 4ax : 


y-y, S (x - xj) at (x, y,) ; y= mx - 2am - am? at (am?, - 2am) ; 


y + tx = 2at + аВ at (аё, 2at). 


ELLIPSE 


Standard Equation : 


x? y? 
—— + — = 1, where а> b & b? = a? (1 - е?). 
2 2 
a b 
M" Е р2 : : _ а 
Eccentricity: е= Ip sec) Directrices : x =+ —. 
a e 


Focii : S = (+ ae, 0). Length of, major axes = 2a and minor axes = 2b 
Vertices : А’ = (а, 0) & А = (а, 0). 
2 


Latus Rectum : = 2-е?) 


Auxiliary Circle : x? + y? = a? 
Parametric Representation : х= a cos 0 & у = b sin 0 


Position of a Point w.r.t. an Ellipse: 
The point P(x, y,) lies outside, inside or on the ellipse according as; 


2 .2 
х 
1 „91 A4 ><or=0. 
a b 
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Line and an Ellipse: 


2 2 
The line y = mx + c meets the ellipse E + iz = 1 in two points real, 
coincident or imaginary according as c? is < = or > a?m? + b?. 
Tangents: 
: хх1 Уу 
Slope form: y = mx € Ja?m?4 b? , Point form : Rn 
Parametric form: хо086 + yeing -1 
а b 
Normals: 
ах  b?y a?— b? т 
UO Wu = а? – b?, ax. sec 0 - by cosec0 = (a? – b?), y= тх – à 
1 y1 a?+ b?m? 
Director Circle: x + y? = a? + b? 
Standard Equation: 
x2 2 
Standard equation of the hyperbola is up ^ 1, where b? = a? (e? — 1). 
a b 
Focii: 5 = (+ ae, 0) Directrices : x = + z 
e 


Vertices : А = (+ a, 0) 
2 
Latus Rectum (7): / = a = 2a (e? - 1). 
a 
Conjugate Hyperbola : 


x? y? x? y? 
2 2 -1 & 52 M =1 are conjugate hyperbolas of each. 


Auxiliary Circle : x? + у? = a?. 


Parametric Representation : x = a sec 0 & y = b tan 0 
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Position of A Point 'P' w.r.t. A Hyperbola : 


2 2 
X 
$, = + — s —1 >, = or < 0 according as the point (x, y,) lies inside, on 
Е ; 
or outside the curve. 
Tangents : 
(i) Slope Form : у= mx Ja?m? b? 
XX 
(ii) Point Form: atthe point (x, y,)is — + - Y1 = 4 
a b 
(iii) Parametric Form : хзесӨ _ytanð_, 
a b 

Normals : 

2 2 

ах b 

(a) at the point P (x,, y,) is И = а? + Б? = а? е?. 

X1 yı 
(b) at the point P (a sec 0, b tan 0) is ЕЭ - E: = а? + b?= а?е?. 

secO0  tan0 
с quation of normals in terms of its slope 'm' are 
E i f Is i f its sl 'm' y 


le? +62 т 
=mx+ -= 
уа -b^m 


X y X y 
ХУ 0 2-0. 
Asymptotes 21 апа а Б 
2 y2 
Pair of asymptotes : “2020 


Rectangular Or Equilateral Hyperbola : xy = с?, eccentricity is /9 . 
Vertices : (+ c +c) ; Focii (+ J2c+ 426) Directrices : x + y = 4/2с 
Latus Rectum (/): / 2 242 с-ТА.-СА. 


Parametric equation x = ct, y = c/t, t К - (0) 


X y X 

Equation of the tangent at P (x, y) is X уг -2&atP(t)is t *ty-2c. 
1 X1 

Equation of the normal at P (t) is xt? – yt = c (t*— 1). 

Chord with a given middle point as (h, k) is kx + hy = 2hk. 
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LIMIT OF FUNCTION 


Limit of a function f(x) is said to exist as x — a when, 


Limit f(a-h) = Limit f(a+h) - some finite value M. 
hoo? h>0* 
(Left hand limit) (Right hand limit) 


Indeterminant Forms: 


0 © ох oo, oo — оо, 009, 0°, and 1”. 


0 p 
Standard Limits: 


sinx Limit (АХ Limit tan "x 


Limit X = x30 x — x90 X 
са Sin | -— OX — 202 €n(1+x 

ши on A _ Limit = _ Limit ) 2 
х-»0 Х x0 X x0 х 


ЯГ - ЇГ өөд ak — 
Limit (1 + ху = Limit UM =e, Limit a —1_ ка ай, 
х 


x0 oo 


" Р N an 
Limit Х -a хайа 
xa x-a 
Limits Using Expansion 


xina х2п2а хЗпЗа 
+ + + + 


i хо 
(i) а”-1 1 2 ar Pese a»0 
2 3 
(ii) ех =1+ —— — 
1! 2! 3 
2 3 4 
X^ xX x 
iii =X —-— 4+ — — — tee. for-1<x<1 
(iii) In (1+x) 2 3 4 
. ; X" x" x 
(iv) SIN x =X 3 + B 7 УЕ: аала 
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cosx =1 = 42 ai + 
0) a 4 8 7 
i t = РИА 
(мі) апх = 3 qoe 
(vii) for |х < 1, n e R (1 + х)" 
-1 —1(n-2 
=1+nxt ee OE PR TARE oo 


Limits of form 1%, 0°, oo? 


Also for (1)^ type of problems we can use following rules. 


lim (1+ х) = е, lim [f(x], 
x0 xa 


lim [f(x)-1] g(x) 
where f(x) >1 ; 4()-»ос аха = ex 


Sandwich Theorem or Squeeze Play Theorem: 


If f(x) € g(x) < h(x) Vx & Limit f(x) =¢ =Limit h(x) then Limit g(x) 50. 
xoa 


xoa xoa 


METHOD OF DIFFERENTIATION 


Differentiation of some elementary functions 


ТИТЕ ое (а= ада 
ду abes : 
3 m ( - 4 d | = 
гах (n 07 x "c NOB e x (па 
5. a (sin X) = cos x 6. a (cos x)= -sin x 
dx dx 
d d 
7. — (sec x) = sec x tan x 8. — (cosec x) = — cosec x cot x 
dx dx 
d d 
9. — (tan x)= ѕес2х 10. — (cot x) = - cosec? x 
dx dx 
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Basic Theorems 


1. a (f + g) = f'(x) + g'(x) 2. 3 кк) =к nu f(x) 
dx ` Е ах ах 


а 
3. d (f(x) . 9(х)) = f(x) g'(x) + g(x) Р(х) 


d 10) _ 909 f(x) f(x) 9) 


4 { f(x) d "m | 
"dx 920) 5. = (0809) = 1969) 90) 


g(x) 


Derivative Of Inverse Trigonometric Functions. 


E 
ЭП = ! SEDE су. ,for-1«x«1. 
A їзэх? dx 1-х2 
dtan"!x 3 1 dcot^! x " 1 5 
dx “4-х27 dx 1+х2 oF) 
dsec™'x 1 dcosec™'x 


dx “1х|ух2-47 dx 


1 
=- ——————— forxe(-o,- 1) U(1, о) 
Ix| vx? -1 


Differentiation using substitution 
Following substitutions are normally used to simplify these expression. 


n т 
(i) 4x? «a? by substituting x= atan Ө, where — 2 «0« 2 
т т 
(ii) Ja?-x? by substituting x= a sin 0, where - 2 «0x 2 


(iii) 4x? -a? by substituting x= a sec 6, where 0 є [0, л], 0 + > 


|х ча 
(iv) зох by substituting x = а со Ө, where 0 e (0, 71. 
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Parametric Differentiation 


. dy dy/d0 
Ну = К0) &х = h ter, then —— = : 
y = f(0) & x = g(0) where 0 is a parameter, then Ge dx/dð 


Derivative of one function with respect to another 


dy _ dy/dx _ f'(x) 
dz dz/dx g(x) 


Let y = f(x); z = g(x) then 


f(x) g'(x) НО) х) g(x) h(x) 
functions of x then Е’ (х) =|(Х) m(x) n(x) -| (х) m(x) п(х) + 
ux) у(х) w(x) (х) v(x) w(x) 


f(x) g(x) h(x) 
(x) m(x) n(x) 
u'(x) у(х) w'(x) 


APPLICATION OF DERIVATIVES 


Equation of tangent and normal 


Tangent at (х,, у.) is given by (у-у,) = #(х,) (х-х,); when, f'(x,) is real. 


And normal at (x,, y,)is (у-у,) = – To (x — x,), when f'(x.) is nonzero 
X1 


real. 
Tangent from an external point 


Given a point P(a, b) which does not lie on the curve y = f(x), then the 
equation of possible tangents to the curve y = f(x), passing through (a, b) 
can be found by solving for the point of contact Q. 


f(h)-b 
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Q(h, f(h)) 


P(a,b) 
y = f(x) 
Figure 
f(h)-b 
And equation of tangent is y — b = h- (x-a) 


Length of tangent, normal, subtangent, subnormal 


1 
(i) PT = |k|,/1+—, = Length of Tangent 
m 


(ii) РМ = |k|V¥1+m? = Length of Normal 


k 
(iii) TM = is - Length of subtangent 
m 


(iv) MN = |km| = Length of subnormal. 


Angle between the curves 

Angle between two intersecting curves is defined as the acute angle between 
their tangents (or normals) at the point of intersection of two curves (as shown 
in figure). 

m, = 


tan Ө = 
1+m,m, 


Shortest distance between two curves 

Shortest distance between two non-intersecting differentiable curves is always 
along their common normal. 

(Wherever defined) 


Rolle’s Theorem : 

If a function f defined on [a, b] is 

(i) continuous on [a, b] 

(ii) derivable on (a, b) and 

(iii) f(a) = f(b), 

then there exists at least one real number c between a and b (a « c « b) such 
that f'(c) = 0 
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Lagrange's Mean Value Theorem (LMVT) : 
If a function f defined on [a, b] is 


(i) continuous on [a, b] and (ii) derivable on (a, b) 
then there exists at least one real numbers between a and b (a « c « b) such 
f(b) - f(a) 
that ——— ЕР 
a Ба (с) 


Useful Formulae of Mensuration to Remember : 


1. Volume of a cuboid = /bh. 
2. Surface area of cuboid = 2(/b + bh + h/). 
3. Volume of cube = a? 
4. Surface area of cube = 6a? 
5. Volume of a cone = 37 r? h. 
6. Curved surface area of cone = nrl (7 = slant height) 
7. Curved surface area of a cylinder = 2mrh. 
8. Total surface area of a cylinder = 2 + 2nr’. 
9. Volume of a sphere = 3. 
10. Surface area of a sphere = 4nr?. 

1 
11. Area of a circular sector = 2 г? Ө, when Ө is in radians. 
12. Volume of a prism = (area of the base) x (height). 
13. Lateral surface area of a prism = (perimeter of the base) x (height). 
14. Total surface area of a prism = (lateral surface area) + 2 (area of 

the base) 
(Note that lateral surfaces of a prism are all rectangle). 
1 
15. Volume of a pyramid = 3 (area of the base) x (height). 
21201 | 

16. Curved surface area of a pyramid = 2 (perimeter of the base) x 


(slant height). 
(Note that slant surfaces of a pyramid are triangles). 
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INDEFINITE INTEGRATION 


If f & g are functions of x such that g'(x) 5 f(x) then, 


d 
| f(x) ах = 9(х) + с > A {g(x)+c} = f(x), where c is called the constant of 
X 


integration. 


Standard Formula: 


(v) 


(vi) 


(vii) 


(viii) 


(ix) 


(x) 


(ax+b id 
a(n+1) 


f exor ax- *c,nz-1 


| 4х 1 
— —— =— (n(ax*b)*c 
ах+6 а 


| em? dx = а еа + с 
а 


| аха dx = — 


р (па 


+с;а> 0 
| 1 
sin (ax + b) dx = —— cos (ax * b)+ c 
a 
Las 
cos (ах + b) dx = — sin (ах+ b)+ c 
a 
1 
tan(ax + b) dx = — (п sec (ах + b)+ c 
а 
AR 
cot(ax + b) dx = — (п sin(ax + b)+ с 
a 
1 
sec? (ax + b) dx = — tan(ax + b) + с 
a 


| cosec?(ax + b) dx = _1 cot(ax + b)* c 
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Tt X 
(xi) | secx dx = (п (secx + tanx)+c OR (пп (= + х) *c 
(xii) | cosec x dx = (п (cosecx — cotx) + с 


X 
ОВ /n tan — +c OR - én (cosecx + cotx) + c 


. dx nm 
(xiii) ECCE =sin'— +c 
-Х 
dx 1 
(xiv) 5 Ча +c 
а +x а а 
ах 1 QX 
(xv) | =— sec'— +c 
Ix|{x2-a2 a a 
dx 2 2 
(xvi) | 5 =/n|X+4X +a +c 
x*+a 
dx 1253-2523 
(хуй) | 5 5 = [х+ X —a *c 
X а 
dx 1 а-х 
(xviii) | у =— en By | te 
а? -х? 2a Зол 
юм |-25--1 „| 
xix - én +c 
2_а? 2a х-а 


2 
X a 
(xxi) | lx? +a iio Ix? +a es én a +С 


2 
X a 
(xxii) | xx цагг! х? -a E én a +c 
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(i) 


(i) 


(iii) 


Integration by Subsitutions 
If we subsitute f(x) 51, then f (х) dx = dt 


Integration by Part : 


fE 969) вх = 109 | 800) - | (оо) Ї 2) ax) dx 


dx dx 2 
Integration of type lee о +bx+c dx 


Make the substitution x мас -1 


Integration of type 


pad px+q : 
d b d 
[ло -0рх-с Жү, x, | (рх «qax? «bxc X 


-— b | | 
Make the substitution x + zm = t, then split the integral as some of two 
a 


integrals one containing the linear term and the other containing constant 
term. 


Integration of trigonometric functions 


| dx [ dx 
а +bsin? x OR a4 bcos? x 
| dx 

OR J asin? x+bsinx cosx +ccos?x Puttanx=t. 
| dx | dx 
a+bsinx ок a+bcosx 

| dx X 
OR a+bsinx+ccosx РУ {а 2 =t 


| +b.sinx+c 


d 
= + + 
о ХВ dx. Express Nr = A(Dr) E x 0n c & proceed. 
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Integration of type 


x? +1 | 
[= dx where K is any constant. 
x +Kx +1 
" 2 
Divide Nr & Dr by x? & putx + ян -t. 


Integration of type 


dx dx 


Integration of type 


dx j 
огт putax*bzr; 


dx 


1 
Um: +b)/px?+q ’ ми 
DEFINITE INTEGRATION 


Properties of definite integral 


1. frw dx = fioa 2. о ах= – [оов 
а а а b 


3. frw dx= [оов frw dx 


4. [тода = foot die. = 2| f(x)dx ‚ f(-x) = f(x) 
-a 0 


b b 
5. | feo dx = | f(a «b 3) dx 


a 
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6. | f(x) ах= | Қа —x) dx 
0 0 


2a 
7. Je ax = f(t) +f(2a- x)) d NS ‚ f(2a-x)- f(x) 
| 0 , f(2a-x)--f(x) 


8. If f(x) is a periodic function with period T, then 


a«nT 


Jro jx =n [tn dx, n ez, Jr oxen froo ах, педає В 


a«nT 


[roo ЕЕС dx, m,n ez, [reo ox fro dxnezacR 
mT 

b+nT 

[то ax» [food nez. b eR 

a+nT a 


9. If w(x) <f(x)<o(x) for a<x<b, 


b b b 
then [ео dx < [т dx < [ooo dx 


b 
10. If m < f(x) < М for a < x < b, then m (b — а) < [foe <M o-a) 


a 


b 
11. If f(x) > 0 on [a, b] then ffo dx 20 
a 


d dF(x) 
dx ^69 f(h09) - 969 009) 


Leibnitz Theorem: If F(x) = fr ) dt , then 
g(x) 
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FUNDAMENTAL OF MATHEMATICS 


Intervals : 


Intervals are basically subsets of R and are commonly used in solving 
inequalities or in finding domains. If there are two numbers a, b e R such 
that a « b, we can define four types of intervals as follows : 


Symbols Used 


(i) Open interval : (a, b) = {x : a < x < b) i.e. end points are not included. 
() or Jl 

(ii) Closed interval : [a, b] = (x: а < x < b) i.e. end points are also 
included. [] 
This is possible only when both a and b are finite. 

(iii) Open-closed interval : (а, b] = {x : a < x < b) 

(1 or J] 
(iv) Closed - open interval : [a, D) = x:a<x <b} 


[) or [I 


The infinite intervals are defined as follows : 


(i) (а, о) (x: x> a) (ii) [а, ©) = (x: x 2 a} 
(iii) (7 œ, b) = (x:x« b) (iv) (о, b] = (x:x < b) 
(v) (7 о, о) = (x: x є R} 


Properties of Modulus : 
Foranya, b eR 
lal > 0, [а| = |-al. lal > а, |а| 2 -a, Jab] = Jal |b}, 


Ет la + b| < |а| + |b], la — b| > lla] — 51| 


Trigonometric Functions of Sum or Difference of Two Angles: 
(a) sin (A + B) = sinA cosB + cosA sinB 
7. 2 sinA cosB = sin(A*B) + sin(A-B) апа 
and 2 cosA sinB = sin(A+B) - sin(A-B) 
(b) cos (A + B) = cosA cosB + sinA sinB 
7. 2 cosA cosB = cos(A+B) + cos(A-B) and 2sinA sinB 
= cos(A-B) - cos(A+B) 
(c) sin?A — sin?B = cos?B — cos?A = sin (A+B). sin (A- B) 
(d) COS?A — sin?B = cos?B — sin?A = cos (A+B). cos (А-В) 


cot Acot B x 1 


t(A+B)= 
(s) POUSSE) cotB + cot А 


tan A +tanB + tanC-tan A tanB tanC 
—tanA tanB - tanB tanC- tanC tan A ` 


(f) tan (A +В + С) =; 
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Factorisation of the Sum or Difference of Two Sines or Cosines: 


(a) sinC + sinD = 2 sin 228 cos =Р 
(b) sinC – sinD = 2 cos р sin 
(c) cosC + cosD = 2 cos oe cos 2. 
2 2 
р С-0 
(4) cosC - cosD = - 2 sin sin 2 


Multiple and Sub-multiple Angles : 


0 
(a) cos 2A =cos?A — sin?A = 2cos?A- 1 = 1 – 2 sin?A; 2 сөз; 
2-9 
= 1 PROS Gee а = 1 – соѕ Ө. 


| 2{апА T-tan?A 
(b) sin 2A = — — .— , cos 2A = — —— 
1+їап А ^-tan^A 


(c) sin ЗА = 3 sinA - 4 sin?A 
(d) cos ЗА = 4 cos?A — 3 cosA 


3tan A — tan?A 
(e) tan ЗА = —— — —5—— 


1-3tan?A 
Important Trigonometric Ratios: 
(a) 500750 ; соѕпл= +1 ; іаппл = 0, wheren eI 
b in 15° т 2 = ша - 75? on 
(b) sin or sin 15 = 2,2 = cos or cos 12^ 


T J3 . . 5n 
cos 15° ог cos-— = = sin 75? or sin — ; 
12 242 12 


3-1 
tan 15? oe = 2—/3 = cot 75? ; tan 75? 


43441 
== = = cot 15° 
43:41 244/3 co 


5-1 
(c) sin zs or sin 18° = 24 & cos 36? or cos 


ola 
aN 
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Range of Trigonometric Expression: 


- Ja?«b? xasin0 + b соѕ0 < Ja? b? 


Sine and Cosine Series : 


sina + sin (a + В) + sin (а + 2p ) *...... + sin(a + n- 1p) 


cosa + COS (a + В) + cos (a + 2p ) *...... + cos (a + n - 19) 


п 
“ыык 
= p cos a + ——p 
sin5 


Trigonometric Equations 
Principal Solutions: Solutions which lie in the interval (0, 2x) are called 
Principal solutions. 
General Solution : 


(i) ап = ато = 0=nx+(4Yawhere a e| Л.Т пет 

(ii) cos0=cosa>0=2nx+awherea e [0, л], n e I. 

та пл 

(iii) әп tana 0=nx+awhereae(—=,%),ner 
272 

(iv) sin? 0 = sin? a, cos? 0 = cos? а, tan? 0 = {ап?а = 0 =пл+ а. 
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QUADRATIC EQUATIONS 


Quadratic Equation : ax?+bx+c=0, az0 


-b + Jb? - 4ac 


х= 2а , The expression b? – 4 ac = D is called 
discriminant of quadratic equation. 

b C 
If a, B are the roots, then (а) о + B=- — (5) аВ= Fi 

a 


A quadratic equation whose roots are a & В, is (x — a) (x – p) 
=0 ie.X*i-(a*B)x*ap =0 


Nature of Roots: 
Consider the quadratic equation, ax? + bx + с = 0 having а В as its roots; 


D=b?-4ac 
D=0 Dz0 

Roots are equala = В = – b/2a Roots are unequal 

а, р, сеВ&р>0 а, р, сЕК&0<0 

Roots are real Roots are imaginary a = p + ід, В=р-1а 

ab,ceQ& ab,ceQ& 
D is a perfect square D is not a perfect square 
= Roots are rational = Roots are irrational 


4 ie.a-p*d,B-p- 4/4 


a=1,b,c є 1 & Disa perfect square 
> Roots are integral. 
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Common Roots: 
Consider two quadratic equations а, х? + b,x +c, = 0 & а, х? + р,х+с, = 0 


(i) 


(ii) 


4. 


Range in restricted domain: 


(a) 


(b) 


Reson 


If two quadratic equations have both roots common, then 


If only one root a is common, then 


,0€485-C584  b4C; -b56, 


a= 
a,b, -а›6. С442-Сса, 


Range of Quadratic Expression f (х) = ах? + bx + c. 


Given x e [x,, х,] 


b 
If - — ¢ [x,, x,] then, 
a 


f(x) є [min (ха), (хо), max (f(x), #(x2) J] 


fame [x,, x] then, 
a 


f(x) < О (а). EA max |та) Gs). -2}] 


ance” 
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5. Location of Roots: 
Let f (x) ах? + рх + c, мПеге а > 0 & абс є В. 


(i) Conditions for both the roots of f (x) = 0 to be greater than a 
specified number'x,' are b? — 4ac > 0; f(x.) > 0 & (—b/2a) > х, 


(ii) Conditions for both the roots of f (x) = 0 to be smaller than a 
specified number ‘x,’ are b? - дас > 0; f (x,) > 0 & (- b/2a) х, 


(iii) Conditions for both roots of f (x) = 0 to lie on either side of the 
number ‘x,’ (in other words the number ‘x,’ lies between the roots 
of f (x) = 0), is f (x,) < 0. 


(iv) Conditions that both roots of f (x) = 0 to be confined between the 
numbers x, and х,, (х, < xj) are 62 - 4ас > 0; f(x,)>0;f(x,)>0& 
X, < (- b/2a) < x,. 

(v) Conditions for exactly one root of f (x) = 0 to lie in the interval (x,, x,) 
i.e. X, «x «x, is f (x.). f(x) < 0. 


SEQUENCE & SERIES 


An arithmetic progression (A.P.) :а, а+а,а+2а,.....а+ (п – 1) аіѕапАР. 
Let a be the first term and d be the common difference of ап A.P., then п“ 
term -t -a*(n-1)d 

The sum of first n terms of A.P. are 


ЭРЭЭ” )d = Slate] 

= > [2а + (п – = —[а+0 

"75 (п — 1) 2 

r^ term of an A.P. when sum of first г terms is given is t = S,- S,- 1. 


Properties of A.P. 

(i) If a, b, care in A.P. = 25 =а+с & а, b, c,d arein A.P. 
= а+а= р + с. 

(11) Three numbers іп А.Р. сап be taken as a - а, а, а + d; four numbers 
in A.P. can be taken asa – За, a- d, a + d, a + За; five numbers in A.P. 
area-2d,a-d, а, а + d, а + 2d & six terms in А.Р. are a - 5d, 
a-3d,a-d,a-*d,a + За, а + 5а etc. 

(iii) Sum of the terms of an A.P. equidistant from the beginning & 
end = sum of first & last term. 


Arithmetic Mean (Mean or Average) (A.M.): 


If three terms are in A.P. then the middle term is called the A.M. between 
the other two, so if a, b, c are ШАР, b is A.M. of a & с. 
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n — Arithmetic Means Between Two Numbers: 


If a, b are any two given numbers & a, A4, A,,....,A,, b are їп A.P. then A4, A,,... 
A, are the 


nA.M.’s between a & b. A, =а+ 


n+l 
+ 2-2) n (b — a) 
с n+] ^ ^" n+1 


n 
ў, A. = nA where A is the single A.M. between a & b. 
г-1 


Geometric Progression: 
a, ar, ar2, ar?, ar^,...... is a G.P. with a as the first term & r as common ratio. 


(i) nth term = аг! 
alr" -1 
al^ -1) rz1 


(ii) Sum of the first n terms іе. 5, =4 г_1 , 
na , r= 
(iii) Sum of an infinite G.P. when |r| « 1 is given by 
a 
Sur m (Ir « 1). 


Geometric Means (Mean Proportional) (G.M.): 


If a, b, c > 0 are in G.P., b is the G.M. between a & c, then b? = ac 


n-Geometric Means Between positive number a, b: If a, b are two given 
numbers & a, G,, G,....., G,, b are in G.P.. Then G4, Go, G4...., G, are n G.M.s 
between a & b. 


С, = a(b/a)!*!, G, = a(b/a)?n*t,......, G, = а(р/ау!т"! 


Harmonic Mean (H.M.): 


2ac 
If a, b, c are in H.P., b is the H.M. between a & c, then b = 67 
Н.М. Н of is gi b і | 1 + 1 + + 
.M. H of a,, а. , ........ а is given Eo | SS ed — 
Te тах et qn а} cds an 


® 
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Relation between means : 


G? = AH, A.M.>GM.>H.M. (only for two numbers) 
апа A.M.=GM.=H.M. if а, =а, =а, =........... =а 


Important Results 


B 
B 
в 
B 
в 


(i) У (а+Ь) = а, + b. (ii) ka,-k a. 


B 


(iii) k = nk; where k is a constant. 


zi 
! 
3 
— 
3 
+ 
— 
хи 


(м) E казы: +п 2 
(v) 1 Г2 = 12 + 22+ 32 +........... еы OU) 
r=1 6 
n 2 2 
(vi) r3 = 13+ 23+ 33 +........... +n3=— ast 
г= 1 4 
BINOMIAL THEOREM 
4. Statement of Binomial theorem : Га, b є Rand n e М, then 


(a + b)^ = "C, a^b? + "C, a! b! + "C, a^? b? +...+ "C аг b' +...+ "С a^ p^ 


n 


= У "5. a" b! 


r-0 
2. Properties of Binomial Theorem : 
(i) General term: T,, = "С, a^*b' 
(ii) Middle term (s) : 
(a) If n is even, there is only one middle term, 
n+2 
which is ЕЕ th term. 
(b) If n is odd, there are two middle terms, 
Пп +1 Пп +1 
which are | —- |th and | === +1 |th terms. 
2 2 
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Multinomial Theorem : 


(X, +X, +х,+......... xj" 


n! 
= Ira! ! 
T1424... =n MEO pagel ss 


“Хез 
Here total number of terms in the expansion = "'*"C, , 
Application of Binomial Theorem : 


If (VA + В)" zI-*fwhere Тапа n are positive integers, n being odd and 


0<#<1 then (I+ f)f К" where A- B?=k> 0 апа JA -B « 1. 


If n is an even integer, then (I * f) (1 — f) 2 k^ 


Properties of Binomial Coefficients : 
(i) "C + "С, + "С, +........+ "С = 2" 


(1) nO eet uem ob Рр +(-1)""C, =0 
(iii) "С + "С, + "С, +... = "C, + "C, + С, +... = 2" 


; ОРЖ "С, n-r«1 
(iv) C, * "C, , = ""C (v) ЦЭР - DE SS 


Binomial Theorem For Negative Integer Or Fractional Indices 


n(n — 1) : n(n — 1)(п — 2) 
ar ** 3! 


(1+х)'=1+пх+ 
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PERMUTATION & COMBINNATION 


Arrangement : number of permutations of n different things taken r at a 
n! 


(1-1) 


time = "Р = п (п – 1) (п – 2)... (п -г+ 1) = 


Circular Permutation : 

The number of circular permutations of n different things taken all at a 
time is; (n — 1)! 

Selection : Number of combinations of n different things taken r at a 


n 
= а -Pr 
(пг)! r! 
The number of permutations of 'n' things, taken all at a time, when 'p' of 


them are similar & of one type, q of them are similar & of another type, 'r' of 
them are similar & of a third type & the remaining n - (р + q + r) are all 


time = "C 


n! 
different is —— . 
р!а!г! 
Selection of one or more objects 
(a) Number of ways in which atleast one object be selected out of 'n' 
distinct objects is 
i Ob gail Oars оте ыызы + "С, = 2"- 1 

(b) Number of ways in which atleast one object may be selected out 


of 'p' alike objects of one type 'q' alike objects of second type and 
'r' alike of third type is 
(р + 1) (9 + 1)(r* 1)- 1 
(с) Number of ways іп which atleast one object тау be selected 
from 'n' objects where 'p' alike of one type 'q' alike of second type 
and 'r' alike of third type and rest 
n — (p * q * r) are different, is 
pie) гэ: ) 2Е:РУ 4 
Multinomial Theorem : 
Coefficient of x" in expansion of (1 — х)" = "1С, (n є М) 


Let N = p? q® гс... where р, 4, r...... are distinct primes & a, b, c..... are 
natural numbers then : 


(a) The total numbers of divisors of N including 1 & N is 
- (a * 1) (b * 1) (c * 1)........ 
(b) The sum of these divisors is = 


(рд p'+ p?-.... + pè) (40+ а'+ д2+.... + д?) (re гї + г?+.... + г°)........ 
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(c) Number of ways in which N can be resolved as a product of two 
factors is 


(а + 1)(b + 1)(с + 1)... if N is not a perfect square 


1[(а +106 +1\(с +1)....+1] | if Nis a perfect square 


(d) Number of ways in which a composite number N can be resolved 
into two factors which are relatively prime (or coprime) to each 
other is equal to 2"! where n is the number of different prime 
factors in N. 


Dearrangement : 


Number of ways in which 'n' letters can be put in 'n' corresponding 
envelopes such that no letter goes to correct envelope is п! 


1-1 РЕ Эрин ул 
4 2! 3! 4! n! 


PROBABILITY 


Classical (A priori) Definition of Probability : 


If an experiment results in a total of (m * n) outcomes which are equally 
likely and mutually exclusive with one another and if ‘m’ outcomes are 
favorable to an event 'A' while 'n' are unfavorable, then the probability of 


om, LG] 
т+п  n(S) 


occurrence of the event ‘A’ = P(A) = 


We say that odds in favour of ‘A’ are m : n, while odds against ‘A’ are п : m. 


P(A) - =1— -1-Р(А) 

Addition theorem of probability : P(AUB) = P(A) + P(B) - P(A^B) 

De Morgan's Laws : 

(a) (AU B) = Ас Be (b) (А a B) = ASU B° 

Distributive Laws : 

(а) АЧ (ВС) = (АОВ) (АС) (b AN (BUC) = (ANB) о (ANC) 
(i) P(A or B or C) = P(A) + P(B) + P(C) – P(A a В) – P(B a C)- P(C^ A) + 


Р(А A BOC) 
(ii) P (at least two of A, B, C occur) = P(B ^ C) + P(C ^ A) + P(A ^ B) 
-2P(An^BnC) 
(iii) P(exactly two of A, B, C occur) = P(B ^ C) + P(C ^ A) + P(A ^ B) 
-3P(AnBnC) 


(iv) P(exactly one of A, B, C occur) 5 
P(A) + P(B) + P(C) - 2P(B с C) – 2Р(С ^ A) 2Р(Ап B) + 3P(AN BAC) 
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P(AnB) 


Conditional Probability : P(A/B) - P(B) 


Binomial Probability Theorem 

If an experiment is such that the probability of success or failure does not 
change with trials, then the probability of getting exactly r success in n 
trials of an experiment is "C, p" q"^', where ‘р’ is the probability of a success 
and q is the probability of a failure. Note that p + q = 1. 


Expectation : 
If a value M, is associated with a probability of p, , then the expectation is 
given by >. pM.. 
n 
Total Probability Theorem: P(A) = > PB) .Р(А/В;) 
Bayes' Theorem : = 


If an event A can occur with one of the n mutually exclusive and exhaustive 
events B,, B,, ..... , B, and the probabilities Р(А/В,), P(A/B,) .... P(A/B,) are 


Р(В,).Р(А/В,) 


Y;P). P(A/B;) 


1-1 


known, then Р(В/А)- 


Binomial Probability Distribution : 
(i) Mean of any probability distribution of a random variable is given by : 


number of trials 
probability of success in each probability 
probability of failure 


q 


(ii) Variance of a random variable is given by, 
c?^-Z(x-uy.p,2ZEpx?-yw = пра 


® 
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COMPLEX NUMBER 


The complex number system 


z = а + ib, then a — ib is called congugate of z and is denoted Буй. 


Equality In Complex Number: 
Z =Z => Ке(2,)= Re(z;) and 1, (21) = Im (2). 


Properties of arguments 


(i) arg(z4z5) = arg(z4) + arg(z;) + 2mm for some integer т. 
(ii) arg(z4/z5) = arg (Z,) — arg(z;) + 2mm for some integer m. 
(iii) arg (22) = 2arg(z) + 2mm for some integer m. 

(iv) arg(z) = 0 > z is a positive real number 

(v) arg(z) = + 1/2 > z is purely imaginary and z z 0 


Properties of conjugate 


(i) |2|=|7| (ii) zz = |22(їй) 7575 5292, 
м дар (v) ZZ? = 2,2 
(vi) |=. 22. Consi 
Zu] Zo 
(4) += (z4 + z3) (zzz) = In? + Iz + z Zo + 212, 
(vii) ^ (2/)-2 (ix) If w = f(z), then w =f(Z) 


(x) arg(z) + arg(z ) 
Rotation theorem 
If P(z4), Q(z;) and R(z3) are three complex numbers and ZPQR = 0, then 


Demoivre's Theorem : 
If n is any integer then 


(i) (cos Ө + і ѕіп Ө )" = cos пӨ + i sin nO 

(ii) (cos 0, + i sin 0,) (cos Ө, + i sin 65) (со50, + i sin 02) 
(cos Өз + i sin 03) .....(cos 0, + i sin Ө) = cos (0, + 05 + 04 + ......... Ө) + 
i sin (0, + 05 + 03 * ....... + 6.) 


(8) 
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Cube Root Of Unity : 


-1«iJ3 -1-13 


2 2 


(i) The cube roots of unity are 1, 


(ii) If o is one of the imaginary cube roots of unity then 1 + о + о? = 0. 
In general 1 + œ" + œ% = 0; where r є | but is not the multiple of 3. 


Geometrical Properties: 


Distance formula: |z} – 2. 


mz; nz 


: 15, РР mz, -NZ 
Section formula : z = EUR (internal division), z= —— — —- 


1 (ехїегпа! 

m-n 

division) 

(1) amp(z) 7 0 is a ray emanating from the origin inclined at an angle 
0 to the x- axis. 


(2) [z-a| = |z- bl isthe perpendicular bisector of the line joining a 
to b. 


2-21 
2-22 


| = К = 1, 0, then locus of 2 is circle. 


VECTORS 


Position Vector Of A Point: 
let O be a fixed origin, then the position vector of a point P is the vector 


OP. If a and b are position vectors of two points A and B, then, 


--» 


AB = Б-а = руоѓВ -pv ofA. 


DISTANCE FORMULA : Distance between the two points A (a) and B (b) 
is AB = | ā-b | 


SECTION FORMULA: Г - "2+ Mid point of aB = 220 
m+n 
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II. 


III. 


Scalar Product Of Two Vectors: 8.0-141| Б | соѕ Ө, мћеге |451,1 bl 


are magnitude of à and b respectively and 0 is angle between а and b. 


дон а. 
М5115КК51:1151К5К450 = projection of 8 ОП b = 


ға = a,i + a,j + а.К &b = bii + b,j + Б.К then ab = a,b, + a,b, + a,b, 


ЕХ а. 
The angle ф between a&b is given by COS $- Вы, 


а. 6 =0о>аль (820540) 


I 
e 


Vector Product Of Two Vectors: 
На &b are two vectors & 0 is the angle between them then 8х-8| Вт on, 


where П is the unit vector perpendicular to both a&b such that áb&n 
forms a right handed screw system. 


Geometrically ХӨ - area of the parallelogram whose two adjacent sides 


are represented руа8р. 


га =а, | +а,ј +а,к &b=b,j +b,j+b,k then 


i j К 
8х5-|а, а, аз 
b, b, bs 


axb=6 e àandb are parallel (collinear) 


(а +0,b = 0) i.e. - КЫ, where К is a scalar. 
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Unit vector perpendicular to the plane of à & bis й =+ 


Ifáb&c are the pv's of 3 points A, B & C then the vector area of triangle 
1l --- -- 

АВС = 5 axb--bxc--cxa |. 

The points A, B & C are collinear if à хо-0хС-Сх48-0 

Area of any quadrilateral whose diagonal vectors are d, & d, is given by 

1а ^ 

—d,xd | 

2 1^05 


aaab 


Lagrange's Identity : (8578 p a5- 
abbb 


Scalar Triple Product: 


The scalar triple product of three vectorsa А b & с is defined as: 
ах. = ялд cose. 


Volume of tetrahydron У-480С| 


In a scalar triple product the position of dot & cross can be interchanged 
i.e. 


a.(bx¢)=(4xb).6 OR (4521-15241-1645| 
a .(bx¢) =—4.(éxb) ie. (4 50| = -[á € b] 
= 84185835 
If a= аі+а,ј+а,К; b= b,itb,j+b,k & C= c,i+c,j+c,k then [8bG]-|b, b, b, |. 
C€4C2C3 


а, 6, are coplanar e[abc]-0 . 


Volume of tetrahedron OABC with O as origin & A(a), B( b )and C(C) 


be the vertices 5 
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The positon vector of the centroid of a tetrahedron if the pv's of its vertices 
area,b,c&d are given by 2 [á - b - € - d]. 

Vector Triple Product: 

ах(Ыхб)= (а. Б – (а. 5), (ах Б)хс »(à.c)b - (Б. ба 

= (a x b) x = ах (bx), in general 


3-DIMENSION 


Vector representation of a point : 
Position vector of point P (x, y, z) is xj + yj +zk. 


Distance formula: 


1 АВ = | СВ - бд 
и ОВ - ОА! 


Distance of P from coordinate axes : 


РА= у? +2? ,РВ = yz? «x? ,РС- үх? «y? 


. mx» + nx my, +пу mz, «nz 
Section Formula : x- 2 1 y= 2 1 z= 2 1 
m+n m+n m+n 
X1 + Ху Ут * Ур 21 72 
Mid point: X = , y= ‚2 = 
P 2 2 2 


Direction Cosines And Direction Ratios 

(i) Direction cosines: Let a, B, y be the angles which a directed line 
makes with the positive directions of the axes of x, y and z respectively, 
then cos a, cos, cos y are called the direction cosines of the line. The 
direction cosines are usually denoted by (/, m, n). Thus / = cos a, m = cos 


В, п = cos y. 

(ii) If 2, m, n be the direction cosines of a line, then /? + m? + п? = 1 

(iii) Direction ratios: Let a, b, c be proportional to the direction cosines 
(, m, n then a, b, c are called the direction ratios. 

(iv) If /, m, n be the direction cosines and a, b, c be the direction ratios 


of a vector, then 


a b дад: C 


= +m = $n) ——— 
Ja? +62 «c? Va? +62 +с2 Ja? +62 «c? 
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(vi) If the coordinates P and Q are (x,, y,, z,) and (х,, у,, Z,) then the 
direction ratios of line PQ are, a = x, — х,, b = y, — у, & c = z, — 2, and 


520 | , ХХ! 
the direction cosines of line PQ are (= А 
[РО | 
- 72-7 
nice У! ande c2. 
| PQ| | PQ| 


Angle Between Two Line Segments: 


8485 +00, + C4C2 


Ja? +b? +0? ad +62 +03 


cos Ө = 


The line will be perpendicular if a,a, + b,b, + с,с, = 0, 


b 
parallel if S ^а „ть 


8: 2 € 
Projection of a line segment on a line 


If P(x,, Y, Z,) and Q(x,, у», Z,) then the projection of РО on a line having 
direction cosines /, m, n is 


| f(x, - xj) + m(y; - y) * n(z, -z)| 


Equation Of A Plane : General form: ax + by + cz + d = 0, where a, b, c 
are not all zero, a, b, c, d e R. 


(i) Normal form : ¢x + ту + п2 = p 
(ii) Plane through the point (x,, y,, 2,): 
a(x-x)*b(y-y)*c(z-z)-0 


- X у ї 
(iii) Intercept Form: —+—+—=1 
а b с 
(iv) Vector form: (T - a). =Oorf.n =a. 
(v) Any plane parallel to the given plane ax + by + cz + d = 0 is 
ах + by + cz + à = 0. Distance between ax + by + cz + d, = 0 and 
|d, - d» | 


ах + by + cz + d, = 0 іѕ = 


Ja? +b? +c? 
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10. 


(vi) Equation of a plane passing through a given point & parallel to 
the given vectors: 


Т =a+iAb+uC (parametric form) where A & и are scalars. 
or T (b xc) за: (b XC) (поп parametric form) 


A Plane & A Point 
(i) Distance of the point (x', y’, z') from the plane ах + by + cz+ d = 0 is 
| ax'+by'+cz'+d 
given by ———————- . 
Ja? +62 «c? 

(ii) Length of the perpendicular from a point (а ) to plane Т.П =d 
"m |à.i-d| 
is given by p = ———— —. 

in| 


(iii) Foot (x’, y', Z') of perpendicular drawn from the point (x,, y,, 2,) to 


Х1 У-У _ 2-21 


the plane ах + by + cz + а = 0 is given by b 
c 


__ (ax, + by, + cz, +4) 


a? +b? +c? 
(iv) To find image of a point w.r.t. a plane: 
Let P (X,, y,, Z,) is a given point and ax + by + cz + d = 0 is given 
plane Let (x’, y', 27) is the image point. then 


Х-Х| у-ур 2-21 _ 2 (ax, + by4 + cz, + 9) 
a b с a? +b? +c? 


Angle Between Two Planes: 


aa'+bb'+cc' 
Ja? +b? +c? Ма? +b? +c? 


Planes are perpendicular if aa' + bb' + cc' = 0 and planes are parallel if 


cos Ө = 
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11. 


12. 


13. 


The angle 0 between the planes Т.П = d, and Г.П, = d, is given by, cos 
nn 


|, |. | n, | 
Planes are perpendicular if n, . n, = 0 8 planes are parallel if 
ñ = АП), dis a scalar 


Angle Bisectors 


(i) The equations of the planes bisecting the angle between two 
given planes 
ax*by*czt*d,-0anda,x-*b,y*c,z*d,-0are 


ачх+ бу +С12 +91 _, ax c boy * coz + d» 
РЕСЕ Ё 
are +с as +b2 + с 


(ii) Bisector of acute/obtuse angle: First make both the constant terms 
positive. Then 


а, а, + b,b, + c,c,» 0 > origin lies on obtuse angle 
а, а, + b,b, + c,c, <0 > origin lies in acute angle 


Family of Planes 


(i) Any plane through the intersection of a,x + by + cz + а, = 0 & 
ax*by-tcz-td,-0is 
ax*by*cz*d,*A(ax*by*cz-*d)-0 


(ii) The equation of plane passing through the intersection of the 


planes Т.П, =, & Т.П, =d, isT (п, + A5) = d, + А, where 
А is arbitrary scalar 


Volume Of A Tetrahedron: Volume of a tetrahedron with vertices 
А (X; Yp 2,), В(х,, у„ 2,), С (Хх, y, 2.) and 
X» Ур 21 1 
(lee 72 1 
D(x,y,z,jisgivenbyV-2— X3 Уз 23 1 
б X4 Y4 24 1 


(8) 
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ALINE 
Equation Of ALine 
(i) A straight line is intersection of two planes. 
it is reprsented by two planes a,x + Бу + cz + d, = 0 and 
арх + by + +с,2 + d,=0. 


Хх; у-у _ 2-21 


(ii) Symmetric form : - =r. 
a b c 
(iii) Vector equation: т =а + Ab 
(iv) Reduction of cartesion form of equation of a line to vector form & vice 
versa 


Х-Х y Np. 45441 = Ai ^ А ^ R 
ар C. a RITA (ay tbj tef. 


Angle Between A Plane And A Line: 


Х-Х = 2—2 
(1) If Ө is the angle between line = УУ = ! and the 
l m n 
plane ах + by + cz + d = 0, then 
: af - от + cn 
sin 0 - : 
\ (а? +b? +c?) ҮНИЙ +n? 
(ii) Vector form: If Ө is the angle between a line T = (а + Ab) апа 
d then sin Ө b 
т.п = en sin 0 =| — ——- |. 
|b] |n| 
a Е па. bon teu 
(iii) Condition for perpendicularity — - — = — , b xn =0 
a С 
(iv) Condition for parallel аё + bm + сп= 0 Б.п =0 


Condition For A Line To Lie In A Plane 


хх У-уу _ 474 " 
= = would lie in a plane 
m n 
ах + Бу + cz + d = 0, if ax, + by, + cz, + а = O & 
af + bm * cn = 0. 


(i) Cartesian form: Line 


(ii) Vector form: LineT =a + 2b would lie in the planet . i 
-difb.n -0&à8.n =d 


(8) 
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4. 


Skew Lines: 


(i) The straight lines which are not parallel апа non-coplanar i.e. 
non-intersecting are called skew lines. 


x-a_y-B_z-y „х-о'_у-Ё' _2-ү 


lines & i m : : 
ГА m n £ m n 
a'a p-p ү-ү 
ЮА-4 £ m п | 20, then lines are skew. 
ЁС m' n' 
(ii) Shortest distance formula for lines 


(iii) Vector Form: For lines Г = a, * Ab, and Г = а, * A b, to be skew 


(b x by). (A, – 4,)# 0 


(iv) Shortest distance between parallel lines 

zi "n - 5, RE y (а, _а.) х b 

г =a, taba =a, + ub is d= Ibi 

v ondition of coplanarity of two lines т =a + barst+ng is 
Condition of coplanarity of two li лра Т =C+ug 
[8-6 b d]-0 

Sphere 


General equation of a sphere is х2 + y? + 22 + 2ux + 2vy + 2wz + а = 0. 


(—u, – v, ^w) is the centre and Jy? + y? +w? —q is the radius of the sphere. 
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SOLUTION OF TRIANGLE 


a | b c 
sinA sinB  sinC 
Cosine Formula: 


Sine Rule: 


. + с фа? | с? ча? -b 

() cos a=- (ii) cos B= E 
2bc 2ca 

a? +b’ – ес 


T C= 
(iii) cos Jab 


Projection Formula: 
(i) a = b cosC + c cosB (ii) b = c cosA + a cosC (iii) c = a cosB + b cosA 


Napier's Analogy - tangent rule: 


p fec didt o Ao oap вен IH 
(i) tan 2 "pp: n 2 (ii) tan 2 “ста 0, 


Hi A-B a-b ыг 
ааг 2 a+b 2 


Trigonometric Functions of Half Angles: 


(i) аас 5 (=b) 8-6) тэ 41180) (8-а) 
2 Бс 2 = 


C (s—a) (s- b) 
2 Y ab 


" А. s (s-a) a). _ [s(s-b) 6 _ [s (8-0) 

(ii) cos 2 "Y bc | = IET 

(iii) ни = =D) ыш = = where s att bee is semi 
2 l s(s-a) 8(8-а) 2 


perimetre of triangle. 


(iv) EA 4s(s- ay(s- b)(s—-c) = - 
bc 
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Area of Triangle (Л): 


] ] ] 
A= 2 9b sin C = j pe sin A= j Са sin B = 4s (5-2) (5—0) (8-0) 


m -n Rule: 
If BD : DC = m: п, then 


(m*n)cotü = m cota – n со В 


= ncotB- m cotC 
A 


A> 


Radius of Circumcirlce : 
R= a — b 2 c B abc 
2sinA 2sinB 2sinC 4A 


Radius of The Incircle : 


йг= 2 ii) r = РИУ йн 
(i) r= а (ii) r = (5-а) an^ -(5- ) tan = (5-с) an? 


CENE E 
(iii) r = sin sin ^ sin ^ 


Radius of The Ex- Circles : 


А Ао A 
Ute um а hile = 


" _ Aou ue в — C 
(ii) fient os гал PLU 


йг = д рэп А В c 
(iii) r, = ЭМ 13 cos 2 . COS 2 
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11. Length of Angle Bisectors, Medians & Altitudes : 


2bc cos ^ 
(i) Length of an angle bisector from the angle А = p, = ———— ——-— ; 
b+c 
A 
2) 
8 DE F © 
- : 1 2 2 2 
(ii) Length of median from the angle A = m, = 2 42b +2с°-а 
2A 
& (iii) Length of altitude from the angle A = A, = — 
a 


12. Orthocentre and Pedal Triangle: 


The triangle KLM which is formed by joining the feet of the altitudes is 
called the Pedal Triangle. 


(1) Its angles are x - 2A, x - 2B and x - 2C. 
(ii) Its sides are a cosA = R sin 2A, 
b cosB = R sin 2B and 
c cosC = R sin 2C 


(iii) Circumradii of the triangles PBC, PCA, PAB and ABC are equal. 
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13. 


14. 


Excentral Triangle: 
The triangle formed by joining the three excentres I,, I, and I, of A ABC is 
called the excentral or excentric triangle. 
(i) ^ ABC is the pedal triangle of the A I, L L. 
An B m C 
& 


5 3 9 "4 27 


a T 
(ii) Its angles are 

m A B C 
(iii) Its sides аге 4 К d ,AR ыг! 848 ша, 


А ‚В ‚© 
(iv) IL-4Rsin—;IL-4Rsi-—;IL-4RsSsin—. 
2 2 2 


(v) Incentre I of A ABC is the orthocentre of the excentral A I, L L. 
Distance Between Special Points : 
(i) Distance between circumcentre and orthocentre 
OH? = R? (1 — 8 cosA cos B cos C) 
(ii) Distance between circumcentre and incentre 
OP-R?(1-8 an авд dnt je В? – 2Rr 
2 2 2 


(її) Distance between circumcentre and centroid 


OG? = А – ge beo) 


INVERSE TRIGONOMETRIC FUNCTIONS 


Principal Values & Domains of Inverse Trigonometric/Circular 
Functions: 


Function Domain Range 
(i) у = sin x where -1<х<1 „ау 
2 2 
(ii) у = cos^x where -1<х<1 О <ух<л 
n T 
(iii) у = tan! x where XeR e Mrs 
2 2 
iv = cosec^ x where х<-1огх>1 -7< 225 #0 
y 2 y 2 y 
V = secx where х<-1огх> 1 0 <у<л:; nus 
y y y 2 
(vi) у = cot'x where xeR O<y<n 
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sin™ (sin x) = x, = Б <х < T 

2 2 
с0$-1 (cos х) = х; 0 <х< л 

л л 
tan“ (tan х) =x; --«х«- 

2 2 
со! (соїх) 2x 0«х«л 

T 


зес-' (sec x) = x 0 SESS 


E tM T T 
cosec™ (созес x)=x; x#0,-—<x<— 
2 2 
sin"! (-x) = – sin*' x, -1<x<1 
ап! (-х) = - tan-'x, XeR 


с08:1(-хХ) = n-cos!x, -1<x<1 
cot'(-X) = n- cot!x, хє К 


« T 
а <х<1 


Tt 
ассо ace s XeR 


Tt 
CORECT TSEC KS a |x | >1 


Identities of Addition and Substraction: 


P-2 nu 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 

P-3 У) 
(ii) 
(iii) 
(iv) 

P-5 (i) 
(ii) 
(iii) 

2. 

1-4 ! 


(i) 


(iii) 


sin x + sin-ty 


= sin'|x i - y нуух |, x20, y208 (х° + у) < 1 
-a-sin [x i - y! +y I-X | x20,y208&x+y2>1 


cos x + cos ty = cos [ху - 1- x? 4-y |, x20,y20 


+ 
tan x + tan ty = tan > x>0,y>O0&xy<1 


-xy' 


=r + tan" го 


x>0,y>O&xy>1 


– ху’ 


T 
Аа 
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I-2 (i) 
(ii) 
(iii) 

1-3 (i 
(ii) 
(iii) 


(iv) 


(v) 


If tan^x + {ап Ту + tan“ = тп 


sin^x - sin-ty = sim хуг у? Ух? xs yzo 


COS" X — cos"! y = cos"! ху + 1-x? 41- у? |. 


tan-'x — {ап Ту = tan"! 


sin^ (2х(-3 | 


cos™ (2 х? - 1) 


2x 

-1 
tan 7722 
€ 2x 
sin- 5 
1+х 

cos" 
1+х 


0 & (ху + yz + zx) < 1 


1+ xy 


х > 0, у>0, х <у 


л-25ї x 


,X20,y20 


if 


-(x+2sinx) if 


2cos 1х if 
|2n-2cos x if 
| 2tan"'x if 
14 2tan х if 
- (x - 2ап 5) if 
21аа х if 
n-2tan'x if 
- (i 2tan^x) if 
| 24ап'х Їх20 


|-2tan^x ifx«0 


X+Y+Z—XYZ 


1- Xy - yz - ZX 


1 

х|< — 

M C 

xX > — 

2 

xX < - — 

42 

0<х<1 

-15х-0 
|x|<1 
x« —1 
x»1 
| х | <1 
x»1 
х<—1 


LEER 


NOTE: 
(i) If tan^x + tan'y + tanz = n then x + y +2 = xyz 
ii If tan! x + {ап Ту + їап-'2 = Z then ху + yz + zx = 1 
2 
(iii) їап-' 1 + {ап-'2 + їап-'3 = л 
Resonance" 
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STATISTICS 


Arithmetic Mean / or Mean 


Lp Se е x, are n values of variate x then their A.M. x is defined as 
n 
L0 XQ Xo + Xa tee. +X, Ух 
х = = ій 
h de __ 
n 
If X,, X» X,, .... X, are values of veriate with frequencies |, f,, f,,......... f. then 


their A.M. is given by 


n 
fx, x fox» faxa +..... ЕЁ fx; n 
х = | г 0 nus £^ wor Ne 24 
Properties of Arithmetic Mean : 
(i) Sum of deviation of variate from their A.M. is always zero that is 
= (x, -x) 2 0. 
(ii) Sum of square of deviation of variate from their A.M. is minimum 


that is У (x, - х)? is minimum 
(iii) If x is mean of variate x, then 
А.М. of (х + )= x +A 
A.M. of X. X, = А.х 
A.M. of (ax, *b) = ах +b 
Median 
The median of a series is values of middle term of series when the values 


are written is ascending order or descending order. Therefore median, 
divide on arranged series in two equal parts 


For ungrouped distribution : 
If n be number of variates in a series then 


th 
Еа term,(whenn is odd) 


Median = jm n n | 
Mean of 2 and 25 term (when n is even) 
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Д 


Моде 
If a frequency distribution the mode is the value of that variate which have 
the maximum frequency. Mode for 


For ungrouped distribution : 


The value of variate which has maximum frequency. 


For ungrouped frequency distribution : 


The value of that variate which have maximum frequency. 
Relationship between mean, median and mode. 


(i) In symmetric distribution, mean = mode = median 
(ii) In skew (moderately asymmetrical) distribution, 
median divides mean and mode internally in 1 : 2 ratio. 
: 2(Mean) + (Mode) 
> median = 
3 
Range 


differenceof extreme values L-S 
sumofextremevalues ^ 1-5 


where L = largest value and S = smallest value 


Mean deviation : 


n 
гал Ix; - A | 
Mean deviation = ‘= 
n 
n 
M filx i - Al 22 
Mean deviation = 1-1 (for frequency distribution) 
N 
Variance : 
Standard deviation = + ./variance 
formula 
-ү 
c? Х(х, ш Х) 
Ё n 
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xd? xdi Y 
oj = —--| — | , where d, = x, - a, where a = assumed mean 


[9] 
(ii) coefficient of S.D. = B 
o 
coefficient of variation - B x 100 (in percentage) 


Properties of variance : 
(i) var(x, + A) = var(x) 

(ii) var(à.x) = A?(var x) 

(iii) var(a x, + b) = a*(var x) 
where л, a, b are constant. 


MATHEMATICAL REASONING 


Let p and q are statements 


p[a|P^q|Pvq|p4|ap |р>а дөр 
тит T Т 7 
ТЕ Е | Т | Е T F F 
FIT Е (Е | т Е Е Е 
FIF Е (Е | т т т т 


Tautology : This is a statement which is true for all truth values of its 
components. It is denoted by t. 
Consider truth table of p v ^ p 


р | -р | РУ-Рр 
TF T 
ЕТ T 
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Fallacy : This is statement which is false for all truth values of its compo- 
nents. It is denoted by f or c. Consider truth table of p a~ p 


-р|рлтр 
Е | Е 
T | Е 


Statements рла pvq pq peq 
Negation | (~p)v(~q) | (~p)A(~q) | PA(~q) p e -q 


=“ 
— 


Letp = qThen 
(Contrapositive of р > q)is(- q > ~p) 


SETS AND RELATION 


Laws of Algebra of sets (Properties of sets): 
(i) Commutative law : (AU B)=BUA;ANB=BoA 
(ii) Associative law:(A U B) U CZAU (BUC); (AN B)AC =AN (BOC) 
(iii) Distributive law : 
Ач (Вос) = (АОВ) ^ (АОС); An (BUC) = (А л В) О (Ал С) 
(iv) De-morgan law: (AU В) =A'OB'; (ANB) = А О В' 
(v) Identity law: AN U=A;AU0=A 
(vi) Complement ам: AUA'=U, ANA'= 9, (A) = А 
(vii) Метроеп law: ANA=A,AUA=A 


(i 


хи 


Some important results on number of elements in sets : 
If A, B, C are finite sets and U be the finite universal set then 
(i) n(A u B) = n(A) + n(B) - n(A ^ B) 
(ii) n(A — B) = n(A) - n(A^ B) 
(iii) n(A UB UC) = n(A) + B) + п(С) – n(A a B)-n(Bn C)-n 
(AC) + (An В г С) 


(iv) Number of elements in exactly two of the sets A, B, C 
=n(AnB)+n(B AC) + п(С AA) – 3n(AN BOC) 


(v) Number of elements in exactly one of the sets A, B, C 
= n(A) + n(B) + n(C) - 2n(A ^ B) - 2n(B C) - 2n(An C) 
+ 3n(ANBOC) 
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Types of relations : 


In this section we intend to define various types of relations on a given 
set A. 

(i) Void relation : Let A be a set. Then ó с Ax А and so it is a relation 
onA. This relation is called the void or empty relation on A. 


(ii) Universal relation : Let A be a set. Then A x A cA x Aand so itis 
arelation on A. This relation is called the universal relation on A. 


(iii) Identity relation : Let A be a set. Then the relation |, = ((a, a): a є 
А} on Ais called the identity 

relation on A. In other words, a relation |, on Ais called the identity 
relation if every element of A is related to itself only. 


(iv) Reflexive relation : A relation R on a set А is said to be reflexive if 
every element of Ais related to itself. Thus, К on a set Ais not reflexive 
if there exists an element a є A such that (a, a) e R. 


Note: Every identity relation is reflexive but every reflexive relation in 
not identity. 


(v) Symmetric relation : A relation R on a set A is said to be a 
symmetric relation 

iff (a,b) ЕК => (6 а) eR foralla,b eA. ie.aRb-bRafor 
alla, b e A. 


(vi) Transitive relation : Let A be any set. A relation R on A is said to 
be a transitive relation 

iff (а, b) є Rand (b, c) € R = (а, с) є R for all a, b, c € A 

ie aRbandbRc>aR с for alla, b,c € A 


(vii) Equivalence relation : A relation R on a set Ais said to be an 
equivalence relation on Aiff 

(i) it is reflexive i.e. (a, а) e R for all a € A 

(ii) it is symmetric i.e. (a, b) e R > (b, a) e R for all a, b € A 

(iii) it is transitive i.e. (a, b) e R and (b, c) e R > (a, c) e R for all a,beA 


(8) 
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